Reference evapotranspiration (ET o ) is estimated from daily weather data using a modified version of the Penman-Monteith equation (Allen et al., 1998; Allen et al., 2005) then CUP+ calculates ET o using the Hargreaves-Samani equation (Hargreaves and Samani, 1982; Hargreaves and Samani, 1985) :
where T c is the monthly mean temperature (degrees centigrade), R a is the extraterrestrial solar radiation expressed in mm/month, and T d is the difference between the mean minimum and mean maximum temperatures for the month ( o C). The calculation of extraterrestrial radiation and other parameters in the Penman-Monteith and HargreavesSamani equations are described in Allen et al. (1998) and Allen et al. (2005) .
If pan data are used in CUP+, then the application automatically estimates daily ETo rates using a fetch value (i.e., upwind distance of grass around the pan). 
Crop Coefficients and Evapotranspiration

Field and Row Crops
Field and row crop K c values are calculated using a method similar to that described by Doorenbos and Pruitt (1977) and Allen et al. (1998) . A generalized curve is shown in Fig.   1 . In their method, the season is separated into initial (date A-B), rapid (date B-C), Doorenbos and Pruitt (1977) provide estimated number of days for each of the four growth periods to help identify the end dates of growth periods. Because there are climate and varietal differences, however, and because it is difficult for growers to know when the inflection points occur, irrigators often find this confusing. To simplify this problem, percentages of the season from planting to each inflection point rather than days in growth periods are used ( 
Deciduous Crops
Deciduous tree and vine crops, without a cover crop, have K c curves that are similar to field and row crops but without the initial growth period (Fig. 3) . Default K c B, If sin
Subtropical Crops
For mature subtropical orchards (for example, citrus), using a fixed K c during the season provides acceptable ET c estimates. If higher, however, the bare soil K c is used for the orchard K c . For an immature orchard, the mature K c values (K cm ) are adjusted for their percentage ground cover (C g ) using the following criteria.
If sin
Cover Crop Corrections
With a cover crop, the K c values for orchards and vines are higher. When a cover crop is present, 0.35 is added to the clean-cultivated K c . However, the K c is not allowed to exceed 1.20 or to fall below 0.90. CUP+ allows the beginning and end dates to be entered for two periods when a cover crop is present in an orchard or vineyard.
Estimating Bare Soil K c Values
A soil evaporation K c value, based on ET o and rainfall frequency is needed as a minimum 
Evapotranspiration of Applied Water (ETaw)
ET aw is the sum of the net irrigation applications to a crop during its growing season, where each net irrigation application (NA) is equal to the product of the gross application (GA) and an application efficiency fraction (AE), i.e., NA = GA × AE. The gross application is equivalent to the applied water, and the application efficiency is the fraction of GA that contributes to crop evapotranspiration (ET c ). Three possible methods to determine ET aw are explained below using the example of a tomato crop grown in in seepage (E spg ) contribution to the water balance is computed by comparing the seepage (S pg ) with SWC 1 . If S pg < SWC 1 , then E spg = S pg , otherwise, E spg = SWC 1 . Then the soil water content based on ET c and effective seepage is calculated as SWC 2 = SWC 1 + Espg.
Then the soil water content is adjusted for effective rainfall by comparing the precipitation (P) with SWC 2 . If P < SWC 2 , then the effective rainfall is calculated as E r = P. Otherwise, E r = SWC 2 . Then the soil water content based on ET c , effective seepage, and effective rainfall is calculated as SWC 3 = SWC 2 + E r . Therefore, the final estimate of soil water content without considering irrigation is given in terms of the daily change in soil water content (D sw ) as
Irrigation is applied whenever the soil water content on a given day would fall below the management allowable depletion (MAD) set for that date. The net application (NA) amount is the depth of water needed to raise the soil water content (SWC 3 ) back to field capacity (FC) on the irrigation date. On each irrigation date, the NA is equal to SWC 3 , so the actual soil water content on each day of the season is calculated as
where SWC o is the soil water content on the previous day, NA is the net application, which is zero on non-irrigation days, and D sw is the daily change in soil water content expressed as The ΔSW is unknown until the end of the season, however, so it cannot be computed until the end of a cropping season using this method. The ET aw can be computed from the net applications after the last NA is applied. This is the method used to determine the ET aw in CUP+.
The other method to estimate ET aw uses the cumulative daily change in soil water content and the difference between the initial and final soil water content (ΔSW) as 
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